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Present and future clinical applications 
for gamma-H2AX 
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Gamma-H2AX (-H2AX)

DNA damage 
(DSB)
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Chromatin

2-40 Mb

--H2AX formationH2AX formation
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How important isHow important is
 

--H2AX?H2AX?
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http://www.sciencedirect.com/science?_ob=RedirectURL&_method=gejLink&_linkType=general&_cdi=276829&_issn=18749399&_targetURL=http%3A%2F%2Fwww.elsevier.com%2Flocate%2Fissn%2F18749399&_acct=C000000150&_version=1&_userid=10843&md5=7298744911a966099796a0b0494dd14a


IRRADIATION

DRUG THERAPY

Blood

~90%

CTCs

~1%

NON-INVASIVE

Hairs
~1%

Oral cells

~1%

Skin

Tumor

INVASIVE

~1%

5%

Samples used for Samples used for --H2AX detection in the clinicH2AX detection in the clinic



FACS
Microscopy

Western

DSB

-H2AX

~1% ~5% ~95%

--H2AX detection in the clinicH2AX detection in the clinic

Detection of a single DSB

-H2AX assay is the most sensitive assay 
to detect / quantitate DSBs
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Why biodosimetry?

► -H2AX signal is radiation dose-dependent

► -H2AX is very sensitive (can be used 
with very low doses)

few mGy

> 70 Gy



2.34 cGy

 

= 2.34 rad

~3.3 SSB/cell

~0.33 DSB/cell

0 rad 2 rad



0.3 rad
3 rad

~0.14 DSB/rad
~1.4 SSB/rad

~0.4-5 SSB/scan/cell



X-ray

Live imaging
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Higher amounts of DNA damage than 
expected (at least 4 times higher than 

expected)

49 children 
(~ 9 months old)



Why it should matter? Why it should matter? 
Cancer incidence of cardiac catheterization 

(linearity response model) 

Male

Female

Expected cancer incidence 

“Real”

 

cancer incidence?

Conclusion: There is a need for large-scale follow-up studies of 
populations exposed during childhood to intervention-intensity x-rays

Follow-up of 674 children: 
Expected cancer 4.75; observed cancer 11.0 (x2.3)
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Why improving protocols ? Why improving protocols ? 

► 1980 < 3 millions CT scans

Cancer Cancer

► Today > 85 millions CT scans

x 30 

Increased exposure to radiation may lead to new health 
issues in the near future



► Less diagnostic radiology ?

How to reduce radiation exposure in the clinic?How to reduce radiation exposure in the clinic?

► Decrease doses by…

► Can

 

-H2AX help?

x30 exposures…

Improving protocolsImproving protocols

… improving machines / detection
… development of drugs limiting the effects of radiation 

Yes



Detect blood vessel anomalies 

Comparison of the biological effects of 2 different methods of Comparison of the biological effects of 2 different methods of 
irradiation for coronary CT angiographyirradiation for coronary CT angiography

Helical Sequential

1.3 rad

4.7 rad

x4 less

impact!
helical data acquisition 

Sequential data acquisition
►know to deliver lower 

radiation doses
►Less biological effects?

oror

Study aimStudy aim

0.33 rad

1.7 rad

-H2AX

-H2AX

0.2-0.65 DSB to 0.05-0.23 
DSB/cell/scan



A pill against the effects of clinical radiation (?)A pill against the effects of clinical radiation (?)
Antioxidant 

pills

Blood

Kuefner et al., 2012

~ 60% reduction !

1-3 hrs
Blood

Could be used to decrease 
radiation effects for many clinical 

procedures (CT scan, 
angioplasty,…at the dentist)



Irradiation 
procedures/treatments

Screenings / 
Diagnostics

-H2AX

Translational StudiesTranslational Studies

Biodosimetry Protocol 
improvement

Drug development
(chemotherapy)

Clinical Trials (0, I, II, III)





Treatment postponed

Treatment suspended

Patient with unknown 
hypersensitivity (1-5% 

of patients)

Adaptation of the  
treatment 

Most common use for diagnostic = radiation hypersensitivityMost common use for diagnostic = radiation hypersensitivity

RADIATION THERAPY 

Severe 
reaction

Death

Diagnosis of 
radiation 

hypersensitivity 



RADIATION HYPERSENSITIVITY

Normal -H2AX kinetics

atypical -H2AX kinetics

Alteration in -H2AX kinetics

DEFICIENCY in DSB REPAIR

Diagnostic scheme



Cancer patients with no 
Radiation Toxicity

Cancer patients with 
Radiation Toxicity

Control group (no cancer)

2 Gy



8 hrs -H2AX kinetics

3 children lymphocytes with 
abnormal -H2AX kinetics

1 no severe 
radiation toxicity

2 Gy

2 children showed severe 
radiation toxicity

23 children with 
cancer



ATM-/-

ATM+/-

ATM+/+

ATM-/-

ATM+/-
Rb

Radiation hypersensitivity Radiation hypersensitivity ––
 

Identify individual with DNA Identify individual with DNA 
repairrepair--deficiency disorderdeficiency disorder



Cancer biomarkerCancer biomarker

Increased Genomic 
Instability

Increased DNA 
DAMAGE

High Levels of 
-H2AX

CANCER CELLS



►Renal Cell Carcinoma can be challenging 
to diagnose
► A marker, RCC-Ma is used, for RCC diagnosis

However, not all Renal Cell Carcinoma are RCC- 
Ma positive (25-32% RCC-Ma negative)

Staining can be week in small biopsies samples, 
can react with normal tissues or stain other cancers

“In fact, H2AX stained 9/9 tumors (…) whereas 
RCC-Ma only stained 4/9 cases. Five cases of grade 
4 RCC were not stained by RCC-Ma but all of them 

were positive for -H2AX 

Normal kidneyKidney carcinoma

Tissue microarray-H2AX -H2AX

Cancer biomarkerCancer biomarker



Other diagnostics (chronic inflammation and cancer risk)Other diagnostics (chronic inflammation and cancer risk)

38 Normal weight

20 Overweight 

61 Obese 

Foci / cell% positive cellsOBESITY CANCER

Chronic 
Inflammation

ROS, TGF-,

DNA damage

Mutations/genome 
instability

119 children

-H2AX in blood 
lymphocytes

-H2AX confirmed by Micronucleus Assay

= ~14-15 mGy



Lung cancer incidence increased in individuals 
with COPD (Chronic Obstructive Pulmonary 

Disease) 

Chronic inflammation DNA damage/mutations Cancer 

Ulcerative colitis (predisposes to 
colorectal cancer)

= ~0.3 to 8 mGy

Other diagnostics (chronic inflammation and cancer risk)Other diagnostics (chronic inflammation and cancer risk)
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Drugs

Weeks…

► Many types of cancer

► Many types of drugs

Tumor 
Regression

No regression



Drug(s)
1.

 

DNA alkylating agent

2.

 

Drug combination Blood samples

Hair samples

-H2AX

-H2AX

Examples of Studies at NIHExamples of Studies at NIH



Lymphocytes Lymphocytes --
 

DNA alkylating agentDNA alkylating agent

Pre-treatment Post-treatment-2hr Post-treatment-4hr

Post-treatment-24hr



Lymphocytes Lymphocytes ––
 

Drug combinationDrug combination

Pre-treatment Post-treatment-12hr Post-treatment-36hr

Post-treatment-60hr

Patient#4 Patient#6



Drug(s)
Drug(s)

PLUCKING

Drug delivery in organs: hair follicles



Plucked hairs Plucked hairs --
 

DNA alkylating agentDNA alkylating agent

Pre-treatment Post-treatment-2hr

Post-treatment-4hr

Post-treatment-4hr

1.5 mg 3 mg 5 mg 9 mg3 mg



Hairs Hairs --
 

Drug combinationDrug combination
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Chemical Genotoxicity 
Assessment

Occupational 
studies
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Polyethoxylates

Chromium VI/ 
Titanium oxide

Pesticides
BPAs

Wood smoke

Monochlorophenols

 
(root canal)

Chlorogenic

 

acid 
(coffee)

Mequindox
(animal food additive)

Nonylphenol

 

polyethoxylates
(detergents, paints, cosmetic,…)

Polycyclic aromatic hydrocarbons 
(PAHs) (food contaminants)

Dental methacrylates Methyl isocyanate
Clioquinol

(used to treat indigestion 
and diarrhea)

Cosmetic preservatives

Etc….



Thank youThank you
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